ABSTRACT
INTRODUCTION
Breast cancer is the most common malignancy in women worldwide. It is estimated that there will be about 232,000 new cases of breast cancer diagnosed in the United States in 2015 [1] . In China, there is also a rapid growth trend in breast cancer, and cancer prevalence estimates for 5 years are 1.02 million women with breast cancer [2] . Although great progress has been made in the comprehensive treatment of breast cancer, 20%-30% of patients will still develop distant metastases [3] [4] [5] . Bone, lung, liver, and brain are the most common metastatic sites of breast cancer [6] , but there is a difference in the survival of patients for different metastatic sites [7, 8] .
Currently, common risk factors for distant metastasis of breast cancer include tumor size, nodal stage, histological grade, estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2), and others [9] [10] [11] . Traditional tumor-nodemetastasis (TNM)-staging may predict the risk of breast cancer metastasis and death, but the predictive value for specific sites of metastasis is poor. Breast cancer, a heterogeneous disease composed of distinct biological subtypes, can be divided into four simple subtypes based on ER, PR and HER2 status: hormone receptor (HR)+/HER2−, HR+/HER2+, HR−/HER+, and HR−/ HER2− [12] [13] [14] . The breast cancer subtypes (BCS) are increasingly recognized as predictive factors for disease control and response to adjuvant therapies including chemotherapy, radiotherapy and targeted therapy [15] [16] [17] . However, data are limited and conflict concerning differences in specific sites of distant metastasis among the various BCS [18] [19] [20] [21] . In this study, we sought to access the possible relationships between BCS and patterns of distant metastasis in advanced breast cancer patients from two cancer centers to aid in the development of personalized programs of surveillance.
RESULTS

Patient characteristics
Six hundred and seventy-nine patients were identified, 493 (72.6%) from Sun Yat-sen University Cancer Center (SYSUCC) and 186 (27.4%) from the First Affiliated Hospital of Xiamen University (Xiamen Cancer Center, XMCC). Table 1 shows clinicopathological data of the patients. The median age was 46.8 years (range 23-87) when breast cancer was diagnosed, 64.5% (438/679) of patients were premenopausal. Five hundred and twentynine patients (77.9%) were in Tumor (T)1-T2 stage, and 371 patients (54.6%) were in Node (N)2-N3 stage. In patients with distant metastasis, HR+/HER2−, HR+/HER2+, HR−/ HER2+ and HR−/HER2− BCS accounted for 39.9% (271/679), 23.7% (161/679), 16.8% (114/679), and 19.6% (133/679), respectively. Nodal stage was significantly different among the four BCS (P = 0.045) ( Table 2) . No significant differences in age, menopausal status, tumor size, and histotype were found among the four BCSs.
Distant metastasis of patients
The median follow-up period among patients diagnosed with metastatic breast cancer was 26.7 months. The 1-year, 2-year, and 3-year overall survival (OS) was 74.3%, 49.3% and 34.5%, respectively. The median distant metastasis time of HR+/HER2−, HR+/HER2+, HR−/HER2+ and HR−/HER2− was 41.0 ± 26.9 months, 32.3 ± 27.6 months, 22.8 ± 15.8 months and 26.9 ± 20.6 months, respectively (P < 0.001). Of the 679 patients, there were 1025 sites of distant metastases were definitely identified ( Figure 1) ; 445 patients had a solitary metastasis and 234 patients had multiple metastases. Common sites of metastasis included bone (30.0%, 308/1025), lung/ mediastinum (24.2%, 248/1025), abdomen/pelvis (21.6%, 221/1025), brain (7.6%, 78/1025), axillary and/or neck lymph nodes (6.7%, 69/1025), pleura (6.0%, 62/1025), and other distant soft tissue (3.8%, 39/1025). There was no significant correlation between BCS and the number of distant organ metastases (P = 0.674). Univariate and multivariate analysis showed that nodal stage was a risk factor affecting lung/mediastinal, and axillary and/or neck lymph node metastasis (P < 0.05), while histotype was a risk factor affecting pleural metastasis (P < 0.05). Age, menopausal status, tumor size and Ki-67 level did not affect the patterns of distant metastasis.
Association of breast cancer subtypes with the sites of distant relapse
Univariate and multivariate analysis showed that HR+/HER2+ and HR−/HER2+ subtype patients had a higher probability of abdominal/pelvic metastasis compared to HR+/HER2− subtype patients, while the probability of abdominal/pelvic metastasis of the HR−/ HER2+ subtype was higher than that of the HR−/HER2− subtype. Multivariate analysis showed that the probability of abdominal/pelvic metastasis of the HR+/HER2+ subtype was also higher than that of the HR−/HER2− subtype (Table 3; Figure 2 ).
Univariate and multivariate analysis showed that HR−/HER2− had a significantly higher probability of lung/mediastinal metastasis than the other three subtypes. There were no significant differences in the probability of lung/mediastinal metastases among the other three subtypes (Table 3; Figure 2 ).
In terms of bone metastases, univariate and multivariate analysis showed that the probability of bone metastasis of HR+/HER2− and HR+/HER2+ subtypes was significantly higher than that of the HR−/HER2+ and HR−/HER2− subtypes, while there was no significant difference in the probability of bone metastasis between HR+/HER2− and HR+/HER2+ (Table 3; Figure 2 ). The probability of brain metastasis of HR−/HER2− was significantly higher than that of the HR+/HER2− subtype, but there were no significant differences in brain metastasis among the other subtypes (Table 3; Figure 2 ).
DISCUSSION
In this study, we investigated the relationships between BCS and distant metastasis sites of breast cancer. The various BCSs had site-specific metastasis patterns, patients with HR+/HER2+ and HR−/HER2+ subtypes were prone to abdominal/pelvic metastasis, patients with HR+/HER2− and HR+/HER2+ subtypes were prone to bone metastasis, while patients with the HR−/ HER2− subtype were prone to lung/mediastinal and brain metastases. Breast cancer subtype is an important factor affecting the survival of breast cancer patients irrespective of distant metastasis. In general, the survival of HR+ patients is superior to that of HER2+ and HR−/HER2− (also called triple-negative breast cancer [TNBC]) patients [15] [16] [17] . Park et al. found that BCS did not affect the OS of patients with early recurrence (distant metastases within 24 months after surgery; P = 0.08), but for patients with distant metastases ≥24 months after surgery, BCS significantly affected the OS, and the survival of HR+/ HER2− and HR−/HER2+ patients was superior to that of the HR+/HER2+ and HR−/HER2− groups (P < 0.001) [18] . Considering the St Gallen molecular subtypes (2013), Gerratana et al. found that the median survival time for luminal HER2+ was 56.7 months, luminal A 45.3 months, luminal B 31.1 months, non-luminal HER2+ 21.5 months, and TNBC 9.3 months (P < 0.0001) [19] . Based on our results and related studies, BCS has both prognostic value for newly diagnosed and advanced breast cancer patients, and can also predict the patterns of distant metastases.
There may be organ-specific metastases associated with different BCSs, which supports the hypothesis that breast cancer is a systemic disease with heterogeneous characteristics. Bone metastasis is the most common metastasis of breast cancer, but the predictive value of BCS for bone metastasis is still controversial. Previous studies have tended to suggest that HR+ patients are more prone to bone metastases [19, [22] [23] [24] . Our results also showed that the probability of bone metastasis in patients with HR+ subtypes (HR+/HER2− and HR+/HER2+) was significantly higher than that for patients with HR− subtypes (HR−/HER2− and HR−/HER2+). However, two studies of the Korean population did not find a significant correlation between BCS and bone metastasis [18, 20] . In a study of the Chinese population, the probability of bone metastasis in patients with a HER2+ subtype was lower than in TNBC (P = 0.048), but there was only borderline significance compared with HR+/HER2− patients (P = 0.058) [25] .
Our study found that breast cancer with the HER2+ subtype (HR+/HER2+ and HR−/HER2+) is more prone to abdominal and pelvic metastases than the other BCS, and most of patients with abdominal and pelvic metastases were liver metastases. The study of Kennecke et al. found that the probability of liver metastasis in patients with luminal A (ER+ and/ or PR+ and Ki-67 <14%), luminal B (ER+ and/or PR+ and Ki-67 ≥14%), HR+/HER2+, HR−/HER2+ and TNBC subtypes was 7.9%, 13.8%, 21.3%, 23.3% and 10.7%, respectively [21] . The study of Park et al. did not find differences in liver metastasis between different subtypes [18] , but there were only 18 patients with liver metastases in Park's study, whereas the number of patients with abdominal and pelvic metastasis in our study was 221, and there were 435 patients with liver metastasis in the study of Kennecke et al. [21] . The large differences in sample size may be the main reason leading to different results. In our study and the research of Kennecke et al., most of the patients did not take trastuzumab treatment; therefore, it is not yet clear whether anti-HER2 therapy may affect the patterns of distant metastases. However, in the study of Olson et al., 113 HER2+ patients who received trastuzumab-based therapy diagnosed with distant metastases during the follow-up period, and 41% of these patients had liver metastases [26] , suggesting that anti-HER2 therapy may not affect the patterns of distant metastases.
Because of the lack of appropriate therapeutic targets, patients with TNBC exhibit a poor prognosis due to occurred early distant metastasis [6] . Our results showed that the median distant metastasis time of TNBC was significantly earlier than HR+ breast cancer, while the probability of lung metastasis in patients with TNBC was significantly higher than for the other three subtypes. The research of Soni et al. also found that the probability of lung metastasis of TNBC was significantly higher than that of the HR+/HER2− and HR+/HER2+ subtypes, but was not different from HR−/HER2+ [27] . In advanced TNBC, the probability of lung metastasis can reach to 40% compared with only 20% in non-TNBC [6] . There was an overexpression of epidermal growth factor receptor (EGFR) in > 50% of patients with TNBC [28, 29] , and it was found from a tumor microarray study that patients with significantly elevated expression of EGFR were more prone to lung metastasis [22] . It has found that the EGFR inhibitors erlotinib could prevent development of lung metastases in a spontaneous lung metastasis breast cancer mouse model [30] . In addition, patients with high expression of EGFR were more prone to brain metastases [31] , which is consistent with the high probability of brain metastases of TNBC in other studies [21, 32] as well as ours.
There are several limitations of the present study. First, there is an inherent bias that exists in any retrospective study. However, a major strength of the study is that the large number of patients with distant metastases in this cohort allowed clear demonstration of the distant metastasis patterns according to BCS. Second, the time span of the patients included is large, while the adjuvant treatment of breast cancer has made rapid progress in recent years; therefore the systemic therapy guidelines during the era of this study are not representative of current practice guidelines. But whether these will affect the patterns of breast cancer metastasis is still unclear. In addition, Ki-67 is an important marker for the molecular subtypes, but Ki-67 data was not available for >50% of the patients in our study. Therefore, Ki-67 was not used as a marker for the BCS in our study. However, Kennecke et al. found that the distant metastasis rate in various organs in luminal B (ER+ and/or PR+ and Ki-67 ≥14%) patients was higher than for luminal A (ER+ and/or PR+ and Ki-67 <14%) [21] , indicating that Ki-67 had a potential impact on the metastasis patterns.
In conclusion, or results showed that the BCS based on ER, PR and HER2 status have different patterns of distant metastasis. There should be a different focus in postoperative follow-up and monitoring for breast cancer patients with various BCS, and there should be further exploration of the individualized treatment for different BCS to reduce the risk of specific sites of distant metastases.
MATERIALS AND METHODS
Patients
A retrospective analysis was conducted of breast cancer patients who underwent surgery in SYSUCC and the First Affiliated Hospital of Xiamen University (Xiamen Cancer Center, XMCC) from December 2000 to April 2015. Patients in the study were met the following criteria: 1) female, unilateral invasive breast cancer without distant metastasis in the initial diagnosis; 2) received mastectomy or breast-conserving surgery and axillary lymph node dissection; 3) sites of metastases were definitely identified during follow-up; 4) complete data on the following: age, menopausal status, tumor size, nodal status, histotype, and ER, PR as well as HER2 status. We excluded patients with primary cancer before the diagnosis of breast cancer and second cancer after breast cancer. The study was approved by the Ethics Committees of the SYSUCC and XMCC.
Clinicopathological factors
Age, menstrual status, T stage, N stage, histotype and BCS were used to evaluate the patterns of distant metastasis. HR positivity was defined as ≥1% positive cells in ER or PR immunohistochemistry. HER2 positivity was defined as an immunohistochemical grade of 3+ (uniform and intensity membrane staining of > 30% of invasive tumor cells), or (after 2003 only) of 2+ determined by dual-probe fluorescence in situ hybridization. The cutoff point of higher Ki-67 expression was defined as 25% based on our previous studies [33] . Since Ki-67 data was missing for many patients, the BCS was not defined according to the St Gallen International Expert Consensus [34] . Instead, we defined four-major intrinsic BCS [11] [12] [13] 
Sites of distant metastasis
The synchronous metastatic sites of breast cancer were classified into seven areas in previous study, including abdomen/pelvis (liver, adrenal gland, lymph nodes, and other abdomino-pelvic organs); lung/ mediastinum (lung or pulmonary lymphangitic spread); bone (skeletal system); pleura (pleura and/or pleural effusion and/or pericardial effusion); brain; axillary and/ or neck lymph nodes; and other distant soft tissue [35] .
Statistical analysis
All data were analyzed using the SPSS statistical software package (version 21.0; IBM Corporation, Armonk, NY, USA). The χ 2 and Fisher's exact probability tests were used to analyze the differences between qualitative data. The continuous variables were compared using Student's t-test. The association of patient characteristics factors and patterns of distant metastasis was modeled with univariate and multivariable logistic regression analysis. Predictive factors for distant metastasis were determined by multivariable logistic regression analysis, in which factors that were statistically significant in univariate analysis were entered into the multivariable logistic regression analysis. A P-value < 0.05 was considered significant in all analyzes.
